6. Crowder, M.E., Strzelecka, M., Wilbur, J.D., Good, M.C., von Dassow, G., and Heald, R. Bacterial contractile injection systems are fascinating particles that use a spring-like mechanism to inject an effector-loaded needle into target cells. A recent study shows that the intracellular bacterium Amoebophilus asiaticus uses arrays of contractile structures to escape from the amoeba phagosome.
To compete effectively for access to nutrients, bacteria have developed an arsenal of weapons that target other microbial cells. These include: contactdependent growth inhibition (CDI) systems, which are deployed at the cell surface and act as grenades that are pinned out and thrown inside the target bacterial competitor [1] ; bacteriocins, which are released into the extracellular milieu and act as mines [2] ; and Type VI secretion systems (T6SS), which resemble spear guns that use a springlike mechanism to inject effectors into the target [3] . The T6SS is part of a larger family of so called contractile injection systems (CIS) that include prototypical bacteriophages such as T4 and Mu [4] , and extracellular CISs such as R-pyocins [5] , anti-feeding prophages [6] , and Photorhabdus virulence cassettes [7] ( Figure 1 ). CISs can also form arrays such as metamorphosis-associated contractile assemblies [8] (Figure 1 ). These structures comprise a common tail core: a needle composed of an internal tube made of stacks of hexameric rings tipped by a spike, and wrapped by a contractile sheath that assembles on a multiprotein complex called baseplate ( Figure 2 ). CISs inject effectors into target cells and contribute to bacterial competition, pathogenesis, establishment of symbiosis, or modification of the host.
In a recent study published in Science [9] , Martin Pilhofer's and Matthias Horn's teams report the identification and exquisite description of a new contractile structure in the obligate intracellular amoeba symbiont Amoebophilus asiaticus. The gene cluster encoding this structure was previously identified on the A. asiaticus genome but its role and its architecture were not defined [10] . Here, the authors first used electron cryotomography to visualize this CIS. However, imaging cytoplasmic structures of intracellular bacteria by electron cryotomography is a challenge, as the quality of the tomographs relies on the sample thickness. The authors successfully used a focused ion beam to mill the surface and obtain thinner samples [11] . In addition to providing access to intracellular bacteria, surface milling bypasses the requirement to genetically induce cell-size reduction by deletion of genes that control mid-cell positioning of the divisome [12] , and therefore might be of specific interest for strains that are not genetically tractable. Using this technical tour de force, this study revealed that these contractile structures form barrel-like arrays. With the exception of the previously described metamorphosis-associated contractile assemblies, this organization is unique for a CIS. How do these structures associate with each other to form highly organized arrays? In the metamorphosisassociated contractile assemblies, tails are connected by a net; however, such fibers have not been observed in A. asiaticus. Rather, the organization of the hexagonal arrays seems to be controlled by baseplate-baseplate interactions. One question that arises when examining this barrel-like architecture is: why is it important to form arrays? In T6SSs and R-pyocins, a few effectors are translocated at each firing event, and hence one may hypothesize that arrays will help to efficiently deliver tens or hundreds of effectors without the need to reassemble a new CIS. However, this hypothesis suggests that all A. asiaticus tail sheaths of a barrel will contract simultaneously. This is clearly not the case, as the published tomographs show that arrays comprise both extended and contracted tails [9] , demonstrating that there is no coordination of the contraction events. In addition, the absence of a ClpV-like AAA + ATPase encoded within the A. asiaticus CIS gene cluster suggests that these structures are not recycled once contracted. However, it remains possible that a housekeeping AAA + ATPase might be hijacked to disassemble and recycle sheath subunits. Interestingly, CISs share a common core (a common ancestor?) but have evolved in different flavours by the recruitment of new functional modules (Figure 2 ). In addition to the common core, extracellular CISs such as R-pyocins and contractile bacteriophages comprise fibres to bind and recognize host cell receptors; bacteriophages possess a capsid head to pack the genetic material as well as capsid/tail connectors. By contrast, T6SSs have captured a trans-envelope membrane complex, and have adapted one of the baseplate subunits to specifically recognize the membrane complex and thus to properly orient the CIS toward the cell exterior [13, 14] . In T6SSs, the membrane complex serves as a docking station for the CIS and as a channel for the passage of the needle, and hence prevents self-injury during sheath contraction [13] . CISs are highly modular structures, and are in constant evolution by the addition of new subunits or domains. For example, some T6SSs have integrated a peptidoglycan-binding motif to stably anchor the membrane complex [15] , whereas others hijack peptidoglycan-modifying enzymes to locally degrade the cell wall for proper insertion of the membrane complex [16, 17] . Similar to the prototypical T6SS, A. asiaticus CIS arrays are anchored to the membrane and oriented toward the exterior, via interactions between the baseplate and a membrane complex or a membrane anchor [9] . However, no gene encoding a putative membrane complex, nor a membrane protein, is present in the gene cluster. Understanding how the CIS arrays are connected to the membrane, and the origins of this putative membrane anchor are exciting questions yet to be answered.
Phylogenetic analyses have shown that the A. asiaticus CIS arrays are more closely related to the metamorphosisassociated contractile assemblies and anti-feeding prophages than the T6SSs [9] . Indeed, a number of subunits such as tape-measure and tail-terminator proteins are found in extracellular CISs but absent from T6SSs. However, the absence of release of the A. asiaticus CIS in the milieu and the presence of a membrane anchor are specific to T6SSs. Hence, the A. asiaticus is likely to represent a missing link between extracellular CISs and T6SSs.
The next challenge will be to define the role of the Amoebophilus CIS. Based on the correlation between expression levels, infection stages, and amoeba infection rates, as well as on the presence of CIS arrays at the sites of contact with the phagosomal membrane, Bö ck et al. have proposed that the A. asiaticus CIS is necessary for the early stages of amoeba infection and, more specifically, in phagosome escape [9] . This observation raises several questions about the mechanism of action of the A. asiaticus CIS. How does A. asiaticus sense the phagosome membrane? What determines the site of array assembly? And what is the signal that triggers firing? From a functional perspective, there are also questions related to the functional role(s) of this unique structure What are the effectors? How do they impact the phagosome and how are they loaded?
What we also learn from this study is that there are many more contractile injection machines to discover, each with their own specificity. Interestingly, genes encoding tail components could be found in many genomes but the structure and function of these putative CISs remain unknown [18] . As exemplified by this work and by the recent discovery of new cellular assemblies [19] , electron cryotomography is a powerful technique to identify novel structures and to gain information on their architecture [20] , but classical genetic and biochemical approaches are then required to define their functions. To build an Afp, order CIS kit + 2 and 5.
To build a MAC, order several CIS kits + 2, 5 and 6.
To build a T6SS, order CIS kit + 1 and 4.
To build a phage, order CIS kit + 1, 3 and 5.
To build a pyocin, order CIS kit + 2 and 5.
Order your CIS toolkit now ! Figure 2 . Commonalities and diversity in contractile injection systems.
The CIS common core (kit) is represented, as well as functional modules required for the assembly of specific structures.
Exposure of laboratory mice to carbon nanotubes mimics exposure to asbestos, from initial and chronic inflammation, through loss of the same tumour-suppressor pathways and eventual sporadic development of malignant mesothelioma. Fibres of a similar nature may pose significant health risks to humans.
Malignant pleural mesothelioma (MPM) is an incurable cancer of the epithelial lining of the lungs and chest cavity [1] . Diagnosis is notoriously difficult, treatment options (inclusive of surgery) are severely limited and most patients succumb to the disease within one to two years of diagnosis [2] . Historically, this disease is causally linked to direct high-volume exposure to fibrous asbestos, particularly amongst asbestos miners, construction workers and shipbuilders. Commercial use of asbestos is consequently banned in Western society, although its use continues unabated in several emerging economies. There is increasing awareness of the threat posed by environmental and secondary exposures, and a legacy of asbestosinsulated buildings continues to drive new cases of MPM in countries where its active use has long ceased [3] . Moreover, there is growing concern amongst scientists that materials with physical properties similar to asbestos, such as carbon nanotubes, might pose an equivalent human health threat [4] . Given the extremely long latency between exposure and asbestos-driven MPM (typically up to 40 years), it may be decades before the actual threat posed by such materials manifests as malignancy.
Precisely how asbestos causes mesothelioma has been debated for decades. The epidemiology of MPM indicates that long fibrous types of asbestos (for example, amosite or crocidolite) pose a much greater threat than more particulate specimen (for example, serpentine or chryostile) [5] . The long-term persistence of fibres in the pleura is thought to drive chronic inflammation, and the continued exposure of pleural epithelium to mitogens and growth-promoting cytokines likely supports ectopic cell proliferation [6] . Iron deposits in some forms of asbestos are linked to generation of reactive oxygen species that can similarly promote proliferation by altering protein function and, at high concentrations, drive mutagenesis [7] . Additionally, asbestos fibres have been proposed to physically interfere with chromosome condensation and the fidelity of chromosome segregation during mitosis [8] . A landmark study in rodents demonstrated that fibrous asbestos cannot be efficiently cleared by macrophages (engendering the term 'frustrated phagocytosis'), leading to chronic inflammation, whereas the same material milled into a fine powder is efficiently cleared and the accompanying acute inflammation quickly resolved [9] . The study strongly suggests that the physical attributes of fibrous asbestos (rather than its chemical composition) are the primary determinant of MPM risk. Ominously, high aspect-ratio carbon nanotubes that physically resemble fibrous asbestos similarly resist phagocytosis, drive
